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(54) Cable arrangennent for robot arm, and industrial robot Mtilizing tiie same 



(57) A cable an-angement for a robot arm is provid- 
ed, which includes a rotation arm (2) and a line member 
(B) such as a power cable. The rotation arm (2) has a 
front end and a base end, the front end being provided 
with a swing shaft, the base end being provided with a 
rotational shaft (7) rotatable about a longitudinal axis 



(2a). The line member (8) extends from the base end 
toward the front end of the arm (2). The rotational shaft 

(7) includes a line offset member (35) fomied with at 
least one through-hole (36) for passing the line member 

(8) . The through-hole as a whole Is offset from the axis 
(2a) of the rotational shaft (7). 



< 

00 




1 



EP 1 568 449 A1 



Description 

[0001] The present invention relates to an arrange- 
ment for a cable or any other line member with respect 
to a robot arm. Tlie present invention also relates to an 
industrial robot to which such a cable arrangement is 

applied. 

[0002] Arc-welding robots are equipped with a weld- 
ing wire feeder so that supplementary filler wire (con- 
sumable electrode), unwound from a wire reel, is fed to 
the welding torch. Atthe torch, the wire is melt with elec- 
tric energy to perform welding continuously. The wire 
feeder is provided with presser rollers for forwarding the 
filler wire under pressure to the welding torch. 
[0003] Arc -welding robots typically have multiple 
joints. For example, the entire arm mechanism includes 
a total of six joints, namely, first through sixth joints, and 
these joints are individually operated for causing the op- 
erational amn to rotate, swing, pivot or tilt. As a result, 
the end effecter can manipulate the welding torch. The 
wire feeder is mounted on a tilt table which supports the 
rotational upper arm and is caused to pivot at one end 
of a lower ami (the upper end of the lower ami when 
held in the upright position). The pivotal movement of 
the tilt table is implemented by the operation of the rel- 
evant joint, which is typically the third joint among the 
six joints, 

[0004] The wire reel and the wire feeder are connect- 
ed with each other by a cable, and the wire feeder and 
the welding torch are connected with each other by an- 
other cable. The fomier cable is a conduit pipe for guid- 
ing the movement of the filler wire. The latter is a multi- 
layered single-line power cable (torch cable), including 
a conduit pipe for the filler wire, an outside layerthrcugh 
which shielding gas is supplied, another outside layer 
serving as a power line, and an outermost Insulating 
sheath. 

[0005] Because of the multi-layer structure, the torch 
cable tends to be rigid and therefore is difficult to handle. 
Conventionally, in an attempt to alleviate the difficulty in 
manipulating the welding torch, the torch cable is made 
long enough to be amply slack. Specifically, in order to 
render the cable flexible, the cable from the wire feeder 
to the welding torch is placed outside of the arm, making 
sure that appropriate deformation is possible when the 
welding torch Is caused to face in the desired direction 
(upward, downward, to the right or left, etc.). 
[0006] In operating a welding robot, the operability or 
movable range of the welding torch is limited by the 
length and flexibility of the torch cable, for example. As 
is often the case, the torch cable can be worn out in re- 
peated bending action of the arm, which is a problem of 
the prior art. Another problem is that when the welding 
arm in motion comes to a sudden stop, for instance, the 
torch cable tends not to stop together with the welding 
arm, but continues to swing due to Its inertia. Such un- 
desired movement disturbs smooth feeding of the weld- 
ing wire through the conduit pipe. Thus, conventionally. 



the arm acceleration and deceleration must be control- 
led at the sacrifice of the mobility of the robot. 
[0007] Further, the conventional torch cable arrange- 
ment causes the following problem. When a welding ro- 

5 bot is operated with other robots, jigs, etc. placed 
around, or is used for welding an area inside of a con- 
tainer (which may be cylindrical or box-like, for exam- 
ple), the torch cable may come into direct interference 
with the things around or the side walls of the container, 

10 which results in poor operation efficiency and poor qual- 
ity of products. 

[0008] For the purposes of increasing the movable 
range of the welding torch and improving the welding 
quality, several proposals have been conventionally 
1S made. For example, J P-AS62- 140794 discloses a 
3-joint wrist utilizing a hollow driving shaft within which 
a cable, an air pipe or a paint pipe is arranged to extend 
along the longitudinal axis. As another example. 
JP-A-H02-1 55572 discloses an arrangement that a 
20 torch cable runs at the center of each joint. 

[0009] As described above, the conventional torch ca- 
ble is routed along the longitudinal axis of the ann so as 
to pass the center of a driving shaft or a joint. This ar- 
rangement is adopted because it Is thought to minimize 
25 the torch cable deformation even under a circumstance 
where the joints are repeatedly operated. 
[0010] However, such an idea can only hold true when 
the multi-joint robots use their joints primarily in rotating 
or twisting movements but not much for swinging or tilt- 
so ing movements. The arrangement is not always ideal 
when the multi-joint robot has to work with much bend- 
ing operation, or keep a bending attitude. In the case of 
an arc-welding robot for example, the welding torch 
must often be set or maintained in a predetermined at- 
35 titude in order to create a good molten pool which de- 
termines welding quality. In a6-axis (6-articulated) robot 
for example, an arm member at the fifth shaft (fifth joint) 
needs to be rotated through e.g. 120 degrees at maxi- 
mum. 

40 [0011] In this case, if the arrangement is to lay the 
torch cable to pass the center of driving shaft or the joint, 
closely along the longitudinal axis of the rotation arm, 
the torch cable, after passing the center of the fourth 
shaft, will deform by gradually leaving the longitudinal 

45 axis of the rotation arm in an upward direction, and then 
bending downward along the fifth shaft, into the shape 
of a question mark '?'. When the torch cable is deformed 
into a question mark, stress tends to accumulate at plac- 
es of the conduit pipe where the torch cable rises from 

so the rotation arm longitudinal axis and where it bends 
sharply downward. The stress accelerates the wear-out 
of the torch cable. 

[001 2] Since the conduit pipe has a larger inner diam- 
eter than that of the filler wire, curvature of the conduit 
55 pipe and curvature of the filler wire are not identical with 
each other. The curvature difference causes the filler 
wire to rub against the conduit pipe at least two loca- 
tions, i.e. before and afterthe bend. The rubbing location 
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changes as the curvature varies, and the friction force 
acting between the conduit pipe and the filler wire varies 
as the conduit pipe deforms, which results in unstable 

feeding speed. 

[0013] Likewise, as the fifth shaft varies its posture or 
the amount of bend (tilting angle), the movement influ- 
ences the upstream torch cable. Specifically, curvature 
of the cable changes between the fourth shaft and the 
fifth shaft, which results In difference inthe length of con- 
duit pipe and the length of filler wire. The amount of 
change in the length of conduit pipe is compensated by 
the same amount of sliding movement of the filler wire 
in or out of the welding torch. This results in undesirable 
variation in the amount of wire supply, disturbing the 
welding arc, making Impossible to achieve significant 
improvement in the welding quality. 
[0014] The present inventton has been proposed un- 
der the circumstances described above. 
[0015] The present invention provides, in a first as- 
pect, an arrangement of a line member for a robot ami, 
the arrangement comprising: 

a rotation ami including a front end and a base end, 
the front end being provWed with a swing shaft, the 
base end being provided with a rotational shaft ro- 
tatable about a longitudinal axis; and 
a line member extending from the base end toward 
the front end; 

wherein the rotational shaft Includes a line offset 
member formed with at least one through-hole for pass- 
ing the line member, the through-hole as a whole being 
offset from the longitudinal axis. 
[0016] In a second aspect, the present invention pro- 
vides an industrial robot comprising the arrangement 
according to any one of claims 1-11. 
[001 7] It is therefore an object of the present invention 
to provide a cable an-angement for a robot ann. 
[001 8] Specifically, a robot arm comprises a front end 
and a base .end, where the front end has a swing shaft; 
and the base end has a rotational shaft which is rotata- 
ble about an axis extending longitudinally of the robot 
arm. In the inner space of the robot arm or adjacent 
space, a cable or cables are laidto extendfrom the base 
end toward the front end of the arm. According to the 
present invention, these cables are so arranged not to 
be unduly bent or twisted upon operation of the robot 
amn. In a preferred embodiment, as shown in Fig. 1, a 
robot arm 2 comprises a rotatable shaft 7 disposed at a 
base end of the arm, and the shaft 7 is provided with a 
cable offset member 35. Several cables such as atorch 
cable 8 and control cables 43 are arranged to extend 
along the length of the arm 2. The cable offset member 
35 is formed with at least one through-hole 36 for per- 
mitting the passage of thecable(s), wherein the opening 
of the through-hole 36 as a whole is offset from the ro- 
tational axis 2a of the ann 2 (in other words, the axis 2a 
does not extends through the through-hole 36). 
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[0019] Referring to Fig. 6B, the through-hole 36 may 
be an elongated and arcuate opening, half-surrounding 
the axis 2a of the arm 2. The cable 8 Is free to move in 
the through-hole 36, As shown in Fig. 1, the cable offset 
5 member 35 may be fonned Integral with a guide pipe 
37, and this guide pipe is rotatably supported in the shaft 
7 via a roller bearing 39. 

[0020] Fig. 8A shows a position that the amn 2 takes 
when a swing shaft 5 extends horizontally. In this state, 
the through-hole 36 is located on an upper side of the 
cable offset member 36 (see Figs. 6A-6D). As shown in 
Fig. 2A, the cable 8 may be a single-type cable having 
an inner space through which welding wire is fed by a 
welding wire feeder. As shown in Fig. 1 , the wire feeder 

IS 15 has a welding wire outlet 1 5a located above (upward- 
ly offset from) the rotational axis 2a of the arm 2. 
[0021] As shown in Fig. 2B, the cable offset member 
35 may be fonned with additional through-holes 41 , 
41 A, 41 Bforpennlttingthe passage of other cables (line 

20 members). In the Illustrated example, reference numer- 
al 40 denotes hoses for cooling water. The additional 
through-holes are also offset from the rotational axis 2a . 
of the arm 2 like the above-mentioned through-hole 36. 
Such through-holes may be provided by fitting a space 

25 separator (having a required number of partition walls) 
into the guide pipe 37. 

[0022] According to the present Invention, as shown 
In Fig. 9, use may be made of a tubular rotatable shaft 
45, and around this shaft, a cable 43 such as a control 

30 cable may be provided. 

[0023] The above-described cable arrangement for a 
robot arm is advantageously applied to many kinds of 
Industrial robots, typically a multi-joint arc-welding ro- 
bot. Specifically, the cable arrangement of the .present 

35 Invention is applicable to the rotatable shaft 7 and the 
swing shaft 5 (see Fig. 4A). In general, the illustrated 
shafts 7 and 5 may correspond to fourth and fifth shafts 
of a six-shaft manipulator. 

[0024] According to the present Invention, thefollow- 

40 ing advantages are enjoyed. 

[0025] As noted above, a through-hole is formed at 
the base end of the rotation arm along which line mem- 
bers such as cables are laid, and the opening as a whole 
is offset from the rotational axis of the arm. Therefore, 

45 even if the swing shaft operates at the tip of the rotation 
arm to bend the cables, it is possible to minimize the 
influence of the bending on the cables, since the 
through-hole (and hence the cables) is offset from the 
rotational axis. When the swing shaft operates in order 

so to face upward or downwardthe welding torch, the cable 
can be disposed well above the rotational axis of the 
rotation arm at the base end of the rotation arm. 
[0026] When the through-hole is formed elongated to 
partially surround the rotational axis of the arm, the ca- 

55 bles can bemovedfreely in thethrough-hole even when 
the arm rotates, which would otherwise uhduly twist or 
bend the cables. With such an arrangement, the cables 
can remain in a stress-free state as much as possible 
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during the operation of the rotation arm. 
[0027] Preferably, the cable offset member is rotata- 
bly supported relative to an outer rotational shaft. In this 
manner, even If the rotation arm is rotated beyond the 
limit at which the through-hole can absorb the deflection 
of the cables, it is possible to keep the cables unaffected 
by the over-turning of the arm. When the cable offset 
member is rotatably supported relative to the outer ro- 
tational shaft, the through-hole for the cables may be 
small enough to give no room for the cables to move 
therein. 

[0028] Preferably, the cable offset member may be 
formed integral with a guide pipe which is rotatably fitted 
into the above-mentioned outer rotational shaft. With 
such an arrangement, the supporting member for the 
cables can be held stable in the rotation arm, while being 
free to rotate about the rotational axis of the amn. 
[0029] Preferably, each of the cables may be a single- 
line power cable comprising an inner space for feeding 
welding wire and a power conduction path for welding, 
as well as a gas supply path for feeding shield gas for 
welding, 

[0030] Preferably, a wire outlet of the wire feeder may 
be provided above the rotational axis of the rotation arm, 
so that a torch cable extending from the wire feeder to 
the above-mentioned supporting member is offset up- 
ward from the rotational axis of the arm. With such an 
arrangement, it is possible to prevent the torch cable 
from being bent at portions adjacent to the wire feeder, 
whereby the welding wire feeding operation can be per- 
fomied smoothly. 

[0031] Preferably, the supporting member may be 
fomied with an additional through-hole for passing a line 
member such as a cooling water hose or a control cable. 
With such an arrangement, it is possible to prevent the 
torch cable from being entangled with other cables. The 
additional through-hole may be entirely offset from the 
rotational axis of the rotation ami. 
[0032] The guide pipe may be partitioned into a re- 
quired number of through-holes by a separator that in- 
cludes radially extending partition pieces. 
[0033] Preferably, the rotational shaft may have its 
outer circumferential surface used for laying cables ther- 
eon. This arrangement prevents these cables from suf- 
fering the influence of rotation of the ami without relying 
on athrough-holeformed in the supporting member. Ac- 
cordingly, the through-hole forthe torch cable in thesup- 
porting member can be elongated and large In area as 
much as possible. 

[0034] Preferably, the cable arrangement descried 
above may be applied not only to a welding robot but to 
other kinds of industrial robots such as a painting robot, 
for example. The cable an-angement being employed, a 
lesser stress is put on the cables, thereby contributing 
to the prolongation of the life of the robot. 
[0035] The present invention Is advantageously ap- 
plied to a multi-joint robot, in particular, a 6-axis manip- 
ulator. In this instance, the present invention may pref- 
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erably be applied to the cable arrangement between the 
fourth shaft and the fifth shaft of the manipulator. In this 
manner, it is possible to minimize the influence of the 
bending operation (repetitive bending or holding the 

5 bent state) at the fifth shaft on the upstream portions (1. 
e., toward thefourth shaft) of thetorch cable. As a result, 
excellent mobility of the welding torch (which means a 
greater coverage of operation areas, higher operational 
efficiency, etc.) Is ensured, and meanwhile the feeding 

10 of the welding wire can be performed properly. Thus, 
high-quality welding will result, and a prolonged life of a 
conduit is expected. 

[0036] Other features and advantages of the present 
invention will become apparent from the detailed de- 
15 scription given below with reference to the accompany- 
ing drawings. 

[0037] Preferred embodiments of the present inven- 
tion will now be described by way of example only with 
reference to the accompanying drawings, in which: 

20 

Fig. 1 illustrates an upper ann of a welding robot to 
which a cable arrangement of the present Invention 
is applied; 

Figs. 2A and 2B are perspective views showing ex- 
25 amples of cable offset members that are formed 
with through-holes for passing cables; 
Fig. 3A is apian view showing an upper-half assem- 
bly of a multi-joint arc-welding robot to which the 
present invention is applied; 
30 Fig. SB is a front view showing the upper-half as- 
sembly of Fig. 3A; 

Fig. 4A is an overall view showing the multi-joint arc- 
welding robot; 

Fig. 4B is a partial front view of the welding robot, 
35 witfi the welding torch omitted; 

Fig . 5A is a rear view mainly showing the upper ami 
of the welding robot; 

Fig. 5B is a plan view of the upper arm of Fig. 5A; 
Figs. 6A-6D illustrate examples of cable-passing 
40 through-holes fomied in the cable-supporting mem- 
. ber; 

Figs. 7A and 7B are comparative views illustrating 
the bending condition of the torch cable; 
Figs. 8A and 8B are perspective views Illustrating 
45 the workings of an assembly from the fourth shaft 
to the welding torch; 

Fig. 9 illustrates the basic structure of the upper arm 
including a long rotational shaft; 
Fig. 1 0 is a perspective view showing a different ex- 
so ample of a cable offset member; 

Fig. 11 illustrates a state in which a guide pipe is 
fixed; and 

Fig. 1 2 is a perspective view showing an upper arm 
having a non-tubular rotational shaft. 

55 

[0038] Hereinafter, a cable arrangement for a robot 
arm and an Industrial robot employing such a cable ar- 
rangement will be described with reference to the ac- 
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companying drawings. 

[0039] Reference is first made to Figs. 4A-4B and 5A- 
5B allowing a multi-joint arc-welding robot 1 to which the 
present invention is applied. Fig. 4A is a front view of 
the robot, Fig. 4B is a sectional view taken in lines 11-11 
in Fig. 4A, Fig. 5A is a sectional view tal^en in lines Ill-Ill 
in Fig. 4A, and Fig. 5B is a plan view of the robot. Aside 
from Fig. 5A, all of the figures show an upper arm 2 (to 
which the present Invention is applied), illustrating its 
shape and the way it is attached. Figs. 3A, 3B are a plan 
view and a front view illustrating how cables are ar- 
ranged in the upper arm 2. 

[0040] The arc-welding robot 1 includes six joints for 
implementing the movements indicated by the arrows in 
Fig. 4A. Each joint provides for implementing a rotating 
or twisting movement required forthe arm to rotate, piv- 
ot, swing or tilt. Accordingly, the robot 1 includes six 
shafts (first through sixth shafts). Of these shafts, the 
sixth shaft 3 pivots a welding torch 4 attached to the 
'wrist' or end effecter of the- robot. The fifth shaft 5 is 
provided for causing a torch supporting arm 6 to tilt or 
swing at a lip of the upper arm (rotation arm) 2 designed 
to rotate about an axis 2a. The swing shaft 5 serves as 
an elevating mechanism for adjusting the angle of ele- 
vation or angel of depression of the welding torch 4. The 
fourth shaft 7 is at a base end of the upper arm 2, rotating 
the upper arm about the longitudinal axis 2a. 
[0041] At each of the joints, ai motor and reduction 
gears are provided on the relevant shaft or shafts, and 
the motor Is driven by a command from a robot controller 
(not shown). To perfonn arc welding, welding w/ire (filler 
wire), electric power for welding, and shield gas are 
needed. To meet this requirement, the welding robot is 
provided with a torch cable independent of the motor 
driving system. As shown in Fig. 2A, the torch cable is 
a single-line power cable 8 which has a multi-layer struc- 
ture for simultaneously supplying the filler wire, electric 
power and shield gas. Due to this multi-layer structure, 
the cable is Inflexible and rigid enough to resist strongly 
to an external twisting force exerted on the cable. As a 
result, although the torch cables is laid along the upper 
arm 2, initial bending to a certain extent Is given to the 
cable 8, as shown in Fig. SB, against the restoring force 
of the cable. 

[0042] Referring to Fig. 2A, in the center of the torch 
cable 8 is a coil liner 10 through which a filler wire 9 
passes through. The coil liner 10, serving as a conduit 
pipe, guides the filler wire and protects it from damage. 
The space around the outer circumference of the coil 
liner is used as a channel for shield gas 11 , which pass- 
es through a hose 12 to the welding torch. The outer 
circumference of the hose Is covered by a conductor net 
1 3, and the entire cable is protected by insulation sheath 
14. 

[0043] Returning to Fig. 4, the filler wire 9 is sent to 
the torch cable 8 by af iller wire feeder 15. The wire feed- 
er 15 is mounted on a tilt table 17, which tilts at an top 
of a lower ami 16 (when held in the upright position). 



The tilt table 17 rotatably supports the base end of the 
upper ami 2. The wire feeder 15 has a wire leaving port 
or outlet 15a above the rotational axis 2a of the upper 
arm 2. The reason why the wire outlet 15a is offset 
s above the rotational axis 2a is to cause the torch cable 
8 to extend along the ami 2 as straight as possible, so 
that the filler wire 9 can be fed smoothly Inside of the 
cable 8. 

[0044] The torch cable 8 is provided downstream from 
*t> the wire outlet 15a. As shown in Fig. 1 , the tonch cable 
8 is provided, at its base end, with a relay connector 1 8 
to receive welding power and shield gas supplied from 
a power cable 1 9 and a gas hose 20, respectively, con- 
nected to the relay connector 1 8. Via the connector 18, 
15 the welding power and the shield gas are forwarded to 
the welding torch 4. 

[0045] The fourth shaft 7, used for rotating the upper 
arm 2, is a rotational shaft provided at the base end of 
the arm 2. The fourth shaft 7 Is driven by the motor 21 

20 (see Fig. 4) via a speed reducer 22, a small pulley 22 
(attached to the output shaft of the reducer 22), a timing 
belt (not shown), and a large pulley 24 (see Fig, 1), More 
specifically, the fourth rotational shaft 7 is an assembly 
consisting of an arm member 2A of the upper arm 2, the 

25 inner race 25 of a roller bearing, and the large pulley 24, 
where the inner race 25 and the pulley 24 are fixed to- 
gether to the base end of the arm member 2A by fixing 
means such as bolts 26. This assembly Is supported by 
a bearing case 29 which is provided with an outer race 

30 27 and fixed to the tilt table 17 to be operated by the 
third shaft 28 (see Fig. 4A). According to the present 
invention, use may be made of a different mechanism 
for rotating the upper arm 2. For instance, the upper arm 
2 may be rotated by a known method utilizing a Harmon- 

35 /cDr/Ve® (available from Harmonic Drive Systems Inc.), 
which is characterized by its hollow Inner structure. 
[0046] As shown in Fig. 3B, the fifth shaft 5 causes 
the torch supporting arm 6 to tilt at the front end of the 
upper arm 2. As shown In Fig. 3A, the arm member 2A 

*o of the arm 2 is offset sideways from the rotational axis 
2a. The torch supporting arm 6 Is connected to a torch 
supporting base 30 at a side portion thereof. Thus, the 
base 30 is supported by the ami 6 in a cantilever manner 
(see Fig 3A). With such an arrangement, as shown in 

45 Fig. 3B, the torch cable 8 can pass through space 31 on 
a side of the fifth shaft 5, extending along the rotational 
axis 2a from the arm 2 to the welding torch 4. The torch 
cable is bent most sharply in the state shown in Fig. 38, 
and becomes less bent as the torch supporting arm 6 

so comes closer to a horizontal position . The fifth shaft 5 is 
driven by a belt 32 via pulleys 33, 34. 
[0047] In the illustrated example, the arm member2A 
of the upper amn 2 is provided by asingle element which 
is offset sideways from the rotational axis 2a. According 

55 to the present invention, however, the arm member 2A 
may be composed of two parallel elongated members, 
and the torch cable may be placed in between the two 
elongated members. As another example, the upper 
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arm may be a tubular component inside of which the 
torch cable is laid. In these cases, the torch supporting 
base 30 can be supported at its both ends. 
[0048] As understoodfromtheaboveexplanation.the 
present invention has been proposed to alleviate the 
bending or twisting of a cable laid within the upper arm 
2 or in the adjacent space thereof, the cable extending 
from the base end of the arm 2 to the end effecter via 
the front end of the arm 2. In other words, the object of 
the present Invention is to provide an optimized cable 
arrangement for an industrial robot, whereby the cable 
Is bent or twisted as little as possible upon operation of 
the movable ann. 

[0049] Referring to Fig, 1 , the cable arrangement of 
the present invention is oescribed in greater detail. As 
shown in the figure, the upper arm 2 (in which the torch 
cable 8 is laid) includes a cable offset member 35 dis- 
posed perpendicular to the rotational axis 2a. The cable 
offset member 35 is placed within the rotational shaft 7 
located at the base end of the upper arm 2. The cable 
offset member 35 is fonned with a through-hole 36 
which allows the torch cable 8 to pass. The opening of 
the through-hole 36 as a whole is offset from the rota- 
tional axis 2a of the upper arm 2. The through-hole 36 
is elongated around the rotational axis 2a, as shown in 
Fig. 6A and Fig, 6B, in order to allow for movement of 
the torch cable 8 therein. Thus, the cable 8 in the hole 
36 can shift in position with respect to the upper arm 2. 
[0050] With the above arrangement, the through-hole 
36 does not finnly hold the torch cable 8. Thus, upon 
rotation of the upper amn 2 about the axis 2a, the torch 
cable B is not twisted, or hardly twisted in the through- 
hole 36. This Is advantageous to alleviating the stress 
which would otherwise be imposed on the cable 8. 
[0051] According to the present invention, the 
through-hole 36 may have a shape of an inversed U (or 
a horse shoe) or any other shape as long as it allows 
the torch cable 8 to move in directions indicated by the 
arrows. In this connection, reference is made to Figs. 
2A and 2B illustrating practical examples of the through- 
hole 36 shown in Figs. 6A-6C. The illustrated cable off- 
set member 35 is provided by a space separator 35A 
having radially extending partition pieces. In this in- 
stance, the through-hole 36 is an open space defined 
by a guide pipe 37 (to be described later) and the space 
separator 35A. As seen from Fig. 1, the rotational shaft 
7 rotatably supports the guide pipe 37 in which the cable 
offset member 35 is provided. 

[0052] When the guide pipe 37 is partitioned radially 
and the resulting spaces are used as cable-passing 
through-holes, the through-holes can be large. Accord- 
ingly, each through-hole allows as much relative move- 
ment as possible for a cable such as a single-line power 
cabie, a cooling water hose and a control cable. 
[0053] When the cable offset member 35 is formed 
integral with the guide pipe 37 rotatable relative to the 
upper arm 2, it is possible to prevent the above-men- 
tioned cables from becoming unduly slack or unstable. 



since the guide pipe 37 rotatably fitted in the arm 2 can 
smoothly rotate without suffering variation in posture of 
the rotating axis of the pipe 37. As a result, undesired 
defomnation of the cables is prevented. As shown in Fig. 
1 , the end of the torch cable 8 is covered by a rubber 
(orpiastic) boot 38 for electrical insulation from the guide 
pipe 37. Preferably, the guide pipe 37 is fonned of a plas- 
tic by a l<nown molding technique, thereby attaining 
more reliable electrical insulation from the torch cabie 
8. in addition, it is easy to produce a plastic guide pipe 
integral with the separator 35A. Further, since the cabie 
offset member 35 rotates together with the guide pipe 
37, the relative rotation of the cables with respect to the 
upper arm 2 is implemented more smoothly. Reference 
numeral 39 denotes a roll bearing or metal liner for fa- 
cilitating the free rotation of the guide pipe 37. 
[0054] In accordance with the above arrangement, 
the cable offset member 35 is free to rotate relative to 
the rotational shaft 7. Accordingly, even if the upper arm 
2 rotates beyond a limit at which the through-hole 36 
maximally accommodates the displacement of the ca- 
ble, the relative rotation of the cable offset member 35 
with respect to the arm 2 prevents the torch cable 8 from 
being unduly bent or twisted. 

■ [0055] As shown in Figs. 4A-4B (see also Figs. 6A- 
6C), the through-hole 36 locates at an upper-half posi- 
tion in the cable offset member 35 when the fifth shaft 
5 is brought into a horizontally extending position (in 
which the torch supporting arm 6 can be swung in a ver- 

• tical plane). In this state, the through-hole 36 is laterally 
symmetrical 'above' the axis 2a. In this connection, it 
should be noted that part of the through-hole 36 may 
come below the axis 2a in the instance shown in Fig. 
6B, but the through-hole 36 as a whole Is located above 

i the axis 2a. In contrast, the through-hole 41 shown in 
Fig. 6C does not locate above the axis 2a but locates 
below it. 

[0056] When the through-hole 36 locates in an upper 
part of the cabie offset member 35, as noted above, ad- 

' vantageously the torch cable 8 is bent gently as extend- 
ing from the cable offset member 35 toward the torch 
supporting base 30. Specifically, as shown in Fig. 3B, 
for example, the torch cable 8, starting from its left end, 
first extends generally horizontally (along a mildly arcu- 

5 ate trajectory), passes under the fifth shaft 5, and then 
extends downward toward the torch supporting base 30. 
In such a gentle bending arrangement, the torch cable 
8 does not suffer a great stress which would othenvise 
be exerted on the cable, in this connection, attention is 

5 drawn to a torch cable 8' shown in Fig.7A which has its 
left end located on the axis 2a. As seen from the com- 
parison with the cable torch 8 (to which the cable ar- 
rangement of the present invention is applied), the cable 
torch 8" is more sharply bent as it extends from the left 

5 end toward the torch supporting base 30 via under the 
fifth shaft 5. Accordingly, a greater stress is exerted on 
the cable 8", which shortens the cable's life. 
[0057] The gentler bending (in other words, a smaller 
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curvature) of the torch cable 8 implies that the cables 
is smaller in length than the comparative cable 8'. Ac- 
cordingly, the cable 8 undergoes less slack than the ca- 
ble 8' when the torch supporting arm 6 is brought into 
the horizontal position shown in Fig. 7B. As seen from s 
the figure, the cable 8 extends substantially straight 
along the axis 2a (having no inflection point), whereas 
the cable 8' meanders with respect to the axis 2a (having 
Inflection points), thereby being put under a greater 
stress. 10 
[0058] Reference is now made to Figs. 8A and 8B. 
Fig. 8A is a perspective view illustrating the same as- 
sembly as shown in Fig. 3B but from a different view- 
point. Fig. 8B illustrates the state which the assembly of 
Fig. 8A tal<es after the upper arm 2 is rotated through '5 
90 degrees about the axis 2a by the operation of the fifth 
shaft 7 for causing the welding torch 4 to be laterally 
pointed. In this state, the torch cable 8 may suffer the 
greatest twist resultingfi-om the rotation of the upper arm 
2. According to the present invention, however, thetorch so 
cable 8 can sh ift freely in the elongated through-hole 36. 
As a result, the twist exerted on the cable 8 is reduced. 
[0059] According to the present invention, as shown 
in Fig. 2A, a cooling water hose 40 may be inserted into 
the through-hole 36 in-addition to the torch cable 8. The 25 
hose 40 is used for supplying water to absorb the weld- 
ing heat. Alternatively, as shown in Fig. 6C, an additional 
through-hole 41 may be formed in the cable offset mem- 
ber 35 for insertion of cooling water hoses 40. Back to 
Fig. 2A, a curled control cable 42 is passed through the so 
through-hole 41. In the example of Fig. 2B, three 
through-holes 36, 41 A and 41 B are provldedforpassing 
the torch cable 8, the cooling water hose 40 andthe con- 
trol cable 43, respectively. 

[0060] Intheexampleshown in Fig. I.thecableoffset 35 
member 35 is depicted as having a relatively small thick- 
ness. According to the present invention, however, the 
cable offset member 35 may have a greater thickness. 
For instance, the thickness of the cable offset member 
35 may be generally equal to the length of the guide pipe 40 
37. This arrangement may be advantageously applied 
to the three-hole design, whereby the torch cable 8 and 
the control cable 43 are reliably insulated from each oth- 
er in the guide pipe 37. Thus, even if the torch cable 8 
is damaged in the guide pipe 37, noise generated from 45 
the torch cable 8 does not reach the control cable 43. 
[0061 ] According to the present invention, as shown 
in Fig. 9, a relatively long rotational shaft 45 may be used 
in place of the short shaft 7 of Fig. 1 . In this case, the 
control cable 43 for the fifth and the sixth shafts is not so 
laid inside of the shaft 45, but is provided on the extemal 
surface of the shaft 45. As shown in the figure, two roller 
bearings 39 (spaced from each other in the longitudinal 
direction of the shaft 45) are used for rotatably support- 
ing the shaft 45. The greater length of the shaft 45 in ss 
comparison with the shaft 7 is advantageous in ensuring 
a follow-up margin of the control cable 43 upon rotation 
of the upper arm 2. 



[0062] As understood from the above example, 
through-holes may not necessarily be used, depending 
on the l<ind of cables. 

[0063] Fig. 10 shows an example in which only the 
torch cable 8 Is passed through the through-hole 36, 
while only the cooling water hoses 40 are passed 
through the other through-hole 41 . 
[0064] According to the present Invention, as shown 
in Fig. 6D, the cable offset member 35 may be formed 
with a small, non-elongated through-hole 36A for pass- 
ing the torch cable 8 as long as the cable offset member 

35 or the guide pipe 37 is supported rotatably relative to 
the upper arm 2. In this case, the diameter of the 
through-hole 36A may be substantially the same as or 
slightly greater than that of the torch cable 8, so that 
there Is no play (or little play, if any) to allow the displace- 
ment of the torch cable 8. In other words, the through- 
hole 36A is a small opening allowing insertion of the 
torch cable 8. 

[0065] Fig. 11 shows an another embodiment of the 
present invention, whereby both the cable offset mem- 
ber and the guide pipe are nonrotatable relative to the 
upper arm 2. Specifically, the guide pipe 47 (integral with 
the cable offset member 35) is formed with a flange 47a . 
As shown in the figure, the flange 47a is fixed to the 
upper arm 2 by bolts 26, thereby providing a one-piece 
rotational assembly 48. In this case, the through-hole 

36 formed in the cable offset member 35 need be elon- 
gated enough, as shown in e.g. Fig. 6A or SB, to provide 
appropriate room for permittingfree displacement of the 
torch cable 8. 

[0066] When the cable offset member 35 and the 
guide pipe 47 are rendered nonrotatable relative to the 
arm 2 as in the above case, the rotational assembly may 
not be a circular tube. In an example shown in Fig. 12, 
the rotational assembly 49 has a semi-circular cross 
section and is provided, at an end thereof, with a cable 
offset member 50 formed with at least one cable-pass- 
ing through-hole. 

[0067] According to the present invention, the above- 
mentioned guide pipe may not be used if the cable offset 
member Is rotatably supported In the rotational assem- 
bly 

[0088] The cable arrangement of the present inven- 
tion is applicable to various l<inds of multi-joint industrial 
robots such as an arc-welding robot, a spot-welding ro- 
bot, or a painting robot provided with a paint spray gun. 
In any of these applications, the cable arrangement of 
the present invention advantageously alleviates the 
stress exerted oh cables which are used in repeatedly 
bending or twisting conditions, thereby serving to pro- 
long the life of these cables. When the arc-welding robot 
is a six-shaft manipulator, the present invention is ad- 
vantageously applied to the cable arrangement be- 
tween the fourth shaft and the fifth shaft. As a result, it 
is possible to eliminate or minimize the adverse effect 
of repeated joint bending (or maintaining the bent state) 
which will act on the upstream torch cable. Thus, the 
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movable range of the welding torch can be increased, 
and the operation efficiency can be improved. Also, the 
welding filler wire can be smoothly fed, which leads to 
high-quality welding results, and the life of the conduit 
pipe can be prolonged. s 
[0069] The present invention being thus described, it 
is obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the scope of the present invention, and aii such 
modifications as wouid be obvious to those sl<iiled in the io 
art are intended to be included within the scope of the 
foilowing claims. 



Claims '5 

1 . An arrangement of a line member for a robot arm, 
the arrangement comprising: 



to extend horizontally. 

7. Anarrangementaccordingtoanyoneofclaims 1-6, 
further comprising a wire feeder (15) for feeding 
welding wire (9), wherein the line member (8) is a 
single-line power cable formed with an inner path 
through which the welding wire (9) is fed. 

8. An arrangement according to claim 7, wherein the 
wire feeder (15) comprises a wire feeding outlet 
(15a) located above the longitudinal axis (2a). 

9. An arrangement according to any one of claims 1-8, 
wherein the line offset member (35) is formed with 
an additional through-hole (41) for passing an ad- 
ditional line member (40, 42, 43), the additional 
through-hoie (41 ) as a whole being offset from the 
longitudinal axis (2a). 



a rotation arm (2) Including a front end and a 20 
base end, the front end being provided with a 
swing shaft (5), the base end being provided, 
with a rotational shaft (7) rotatable about a lon- 
gitudinal axis (2a); and 

a line member (8) extending from the base end ^ 
toward the front end; 

wherein the rotational shaft (7) Includes a line 
offset member (35) formed with at least one 
through-hole (36) for passing the line member (8), 30 
the through-hole (36) as a whole being offset from 
the longitudinal axis (2a). 

2. An arrangement according to claim 1 , wherein the 
through-hole (36) is an elongated opening for per- 35 
mitting displacement of the line member (8), the 
through-hoie (36) partially surrounding the iongltu- 
dlnai axis (2a). 

3. An arrangement according to claim 2, wherein the 
line offset member (35) is rotatably supported in the 
rotational shaft (7). 



10. An arrangement according to claim 9, further com- 
prising a space separator (35A) including a plurality 
of partition pieces extending radially in the rotation 
arm (2), wherein said one through-hole (36) and the 
additional through-hole (41) are defined by the 
space separator (35A). 

11. An arrangement according to any ore of claims 

1-10, 

wherein the rotational shaft (7) is a circular tube 
having an external surface upon which another line 
member (43) is provided. 

12. An industrial robot (1) comprising the arrangement 
according to any one of claims 1-11 . 

13. An industrial robot according to claim 12, wherein 
the robot (1 ) is a multi-joint arc-welding robot. 

14. An industrial robot according to claim 13, wherein 
the rotational shaft (7) and the swing shaft (5) are 
a fourth shaft and a fifth shaft of a 6-articuiated ma- 
nipulator. 



4. An arrangement according to claim 1 , wherein the 
through-hole (36) is a small opening allowing inser- 45 
tion of the line member (8), and wherein the line off- 
set member (35) is rotatably supported In the rota- 
tional shaft (7). 



5. An arrangement according to claim 3 or 4, further so 
comprising a guide pipe (37) rotatably supported in 
the rotational shaft (7), wherein the line offset mem- 
ber (35) is provided at the guide pipe (37). 



An arrangement according to any one of claims 1-6, 
wherein the through-hoie (36) is fonned in an upper 
side of the line offset member (35) when the rotation 
ann (2) lakes a position causing the swing shaft (5) 
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